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mixture of a chromium oxide (Cr203) powder and a sodium
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and the mixture is heated in an inert gas atmosphere at a
calcination temperature (850 DEG C.) where the sodium
carbonate and the chromium oxide undergo a calcination
reaction. Sodium chromite is thereby obtained.
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1
METHOD FOR PRODUCING SODIUM
CHROMITE

FIELD OF THE INVENTION

The present invention relates to a method for producing
sodium chromite.

BACKGROUND OF THE INVENTION

Sodium chromite has a layer structure, in addition to which
sodium chromite has the distinctive property of releasing and
absorbing sodium ions. Sodium chromite is therefore used as
a positive electrode material in secondary batteries. More-
over, as disclosed in Patent Document 1, sodium chromite is
also used as a solid lubricant capable of use in high-tempera-
ture liquid sodium and in a high vacuum.

Sodium chromite is produced by, for example, the method
described in Non-Patent Document 1; that is, by mixing
together a sodium carbonate powder and a chromium oxide
powder, then heating the resulting mixture in an inert gas
atmosphere.

However, in addition to sodium chromite, the foregoing
method also forms by-products such as sodium chromate
(Na,CrO,) and CrOOH. Hence, there exists a need for tech-
nology that reduces the amount of such by-products.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Application Laid-
open No. H8-295894

Non-Patent Document

Non-Patent Document 1. Electrochem. Commun., Vol. 12
(2010)

SUMMARY OF THE INVENTION

Itis therefore an object of the invention to provide a method
for producing sodium chromite in a high yield.

Accordingly, in a first aspect, the invention provides a
method for producing sodium chromite. This production
method sets the water content of a mixture of a chromium
oxide powder and a sodium carbonate powder to 1,000 ppm
or less. Then, the mixture is heated in an inert gas atmosphere
at a calcination temperature where the sodium carbonate and
the chromium oxide undergo a calcination reaction.

Conventional methods for producing sodium chromite
result in the formation of hexavalent chromium by-product.
The inventor has discovered that when calcination is carried
outat 850° C., water and chromium oxide or water, chromium
oxide and sodium carbonate react, forming a by-product. The
inventor is proposing a method for producing sodium
chromite based on this finding. With this method, substan-
tially no water is present in the mixture, thereby suppressing
the formation of by-product and enabling a high yield of
sodium chromite to be achieved.

The foregoing method for producing sodium chromite
preferably includes also heat treatment in which a water con-
tent within the mixture is set to 1,000 ppm or less by heating
the mixture in the inert gas atmosphere and at a non-reactive
temperature where at least one reaction from among a reac-
tion of water, chromium oxide and sodium carbonate and a
reaction of water and chromium oxide does not arise, and,
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following the heat treatment, the mixture is preferably heated
in the inert gas atmosphere and at the calcination temperature.

In this aspect of the invention, by heating the mixture of
sodium carbonate powder and chromium oxide powder at a
non-reactive temperature, water is removed from the mixture.
The mixture is subsequently heated at a calcination tempera-
ture where the sodium carbonate and the chromium oxide
undergo a calcination reaction. By carrying out in succession
the step of removing water from the mixture and the step of
calcining the mixture at a calcination temperature to form
sodium chromite, water has difficulty infiltrating the mixture.
As a result, the mixture of chromium oxide and sodium car-
bonate can be subjected to a calcination reaction in a state
where the mixture is substantially free of water. Because the
reaction of water and chromium oxide or the reaction of
water, chromium oxide and sodium carbonate is thereby sup-
pressed, by-product formation due to these reactions can be
suppressed, thus making it possible to increase the yield of
sodium chromite.

In the inventive method for producing sodium chromite, it
is preferable for the non-reactive temperature to be in the
range of 300 to 400° C.

The water in a hydrate of sodium carbonate can be removed
by heating to at least 300° C. Moreover, in the range of 300 to
400° C., water, chromium oxide and sodium carbonate do not
react; nor do water and chromium oxide react. Hence, in this
invention, to remove the water present in sodium carbonate
and the water in sodium carbonate hydrate, the non-reactive
temperature was set to from 300 to 400° C. Because the
reaction of water and chromium oxide and the reaction of
water, chromium oxide and sodium carbonate are thereby
suppressed, the formation of by-products can be suppressed.

In the inventive method for producing sodium chromite, it
is preferable to dry the sodium carbonate prior to mixing
together the sodium carbonate powder and the chromium
oxide powder.

When producing sodium chromite, if the sodium carbonate
powder and the chromium oxide powder are not accurately
weighed, whichever substance of the sodium carbonate and
the chromium oxide is present in excess will be unable to
react and will remain unreacted even after calcination. Hence,
it is necessary for the starting materials to be accurately
weighed.

However, a characteristic of sodium carbonate is that it
readily absorbs water. As a result, even when furnished as
anhydrous sodium carbonate, by the time of use, the sodium
carbonate will have absorbed water from the air. Therefore,
when sodium carbonate is weighed in the amount required for
synthesis without first being dried, the actual amount of
sodium carbonate from which water has been removed (re-
ferred to below as the “actual amount”) is smaller than the
required amount. The result is an excess of chromium oxide
with respect to the amount of sodium carbonate, with unre-
acted chromium oxide remaining in the product following
calcination.

To address this problem, the invention dries the sodium
carbonate prior to mixing of the sodium carbonate powder
with the chromium oxide powder, thus enabling the sodium
carbonate to be accurately weighed. As a result, the amount of
chromium oxide that remains unreacted can be suppressed,
making it possible to increase the yield of sodium chromite.

In the inventive method for producing sodium chromite, it
is preferable to dry the sodium carbonate powder under
reduced pressure and at a temperature of from 50 to 300° C.

Sodium carbonate forms a hydrate. Hence, it is preferable
to remove water from the hydrate of sodium carbonate. By
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drying the sodium carbonate powder under the above condi-
tions, drying can be achieved in a shorter time than drying
under atmospheric pressure.

In the inventive method for producing sodium chromite, it
is also preferable to dry the sodium carbonate powder under
atmospheric pressure and at a temperature of from 300 to
850° C.

Heating to at least 300° C. under atmospheric pressure (1
atm) is required in order to remove water from sodium car-
bonate hydrate. However, sodium carbonate melts at 851° C.
Accordingly, in this invention, the water present in sodium
carbonate can be removed by heating sodium carbonate under
atmospheric pressure at a temperature of from 300 to 850° C.

In the inventive method for producing sodium chromite,
the ratio of the sodium carbonate to the chromium oxide,
expressed as the molar ratio during weighing, is preferably at
least 1.

Sodium carbonate absorbs water more readily than chro-
mium oxide. Hence, even when the sodium carbonate has
been accurately weighed, the amount of sodium carbonate
sometimes is less than the required amount. In such cases,
there is an excess of chromium oxide with respect the amount
of sodium carbonate. As a result, when sodium carbonate and
chromium oxide are mixed and calcined, unreacted chro-
mium oxide remains within the product. Moreover, because
chromium oxide does not dissolve in solvents such as water,
it is difficult to remove from the product.

To address this problem, the required amount (molar
amount) of sodium carbonate is made larger than the required
amount (molar amount) of chromium oxide. Doing this
enables the residual amount of chromium oxide to be lowered
compared with cases in which the required amount (molar
amount) of sodium carbonate is not made larger than the
required amount (molar amount) of chromium oxide, thus
enabling the proportion of sodium chromite within the prod-
uct to be increased.

By making the required amount (molar amount) of sodium
carbonate larger than the required amount (molar amount) of
chromium oxide, there will also be cases in which the actual
amount of sodium carbonate is larger than actual amount of
chromium oxide. In such cases, unreacted sodium carbonate
will remain following calcination. However, because sodium
carbonate has solubility in solvents such as alcohols, by
washing the product with a solvent such as an alcohol, the
sodium carbonate can be removed. Therefore, even if the
actual amount of sodium carbonate is larger than actual
amount of chromium oxide, the proportion of sodium
chromite present within the product can be increased by
washing the product with a solvent such as an alcohol.

In the inventive method for producing sodium chromite, it
is preferable to wash with a polar solvent the product obtained
by heating the mixture at the calcination temperature.

According to this aspect of the invention, impurities
remaining in the product, such as sodium carbonate that
remains unreacted, can be removed by washing the product
with a polar solvent. This enables the yield of sodium
chromite to be increased.

In the inventive method for producing sodium chromite,
the polar solvent is preferably an alcohol-type solvent.

In cases where the product obtained by the above produc-
tion method has been washed with water, the sodium of the
sodium chromite and protons donated by the water undergo
exchange reactions. As a result, when the sodium chromite is
used as the positive electrode of a battery, the discharge
capacity may decrease. Because alcohols have a lower proton
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donating ability than water, the decrease in the properties of
the sodium chromite from washing can be suppressed by
washing with an alcohol.

In the inventive method for producing sodium chromite, it
is preferable for the calcination temperature to be in the range
of 850 to 900° C.

Sodium carbonate and sodium chromite undergo a calci-
nation reaction in the range of 850 to 2400° C. However, at
temperatures above 900° C., molten sodium carbonate flows
more easily. In such a case, before it can react with the
chromium oxide, the sodium carbonate runs, separating from
the chromium oxide. When the sodium carbonate and chro-
mium oxide separate, the sodium carbonate cannot take part
in a calcination reaction with chromium oxide, resulting in a
decrease in the yield of sodium chromite. By subjecting the
sodium carbonate and chromium oxide to a calcination reac-
tion at from 850 to 900° C., this aspect of the invention is able
to keep the sodium carbonate from flowing and separating
from the chromium oxide. Hence, a decline in the yield of
sodium chromite can be suppressed.

In the inventive method for producing sodium chromite, it
is preferable to compact the mixture under a pressure of at
least 1 metric ton/cm? (indicated below as “1 t/cm*”) prior to
heating the mixture at the calcination temperature.

When a mixture of sodium carbonate and chromium oxide
is calcined, the sodium carbonate sometimes melts and runs,
separating from the chromium oxide. To address this prob-
lem, in this aspect of the invention, prior to calcination of the
mixture, the mixture is compacted under a pressure of at least
1 t/cm?, thereby bringing the sodium carbonate powder and
the chromium oxide powder into close mutual contact. As a
result, before the molten sodium carbonate has a chance to
liquety and run, it reacts with chromium oxide that is present
nearby. Melting and separation of the sodium carbonate from
the chromium oxide is thus suppressed, making it possible to
suppress a decline in the yield of sodium chromite.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart showing the production steps in
Example 1 which illustrates the inventive method for produc-
ing sodium chromite.

FIG. 2 is a table showing the production conditions and the
compositions of product obtained in examples of the inven-
tion and in comparative examples.

FIG. 3 is a spectrum for the product obtained under the
production conditions in Example 1.

FIG. 4 is a spectrum for the product obtained under the
production conditions in Example 2.

FIG. 5 is a spectrum for the product obtained under the
production conditions in Comparative Example 1.

FIG. 6 is a spectrum for the product obtained under the
production conditions in Comparative Example 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As shown in FIG. 1, an anhydrous powder of sodium car-
bonate (Na,CO;) and a chromium oxide (Cr,O;) powder are
used as the starting materials for sodium chromite (NaCrO,).
Each of these powders has an average particle diameter of 1 to
2 um. “Average particle diameter” refers here to the diameter
at which the cumulative mass frequency in the particle size
distribution becomes 50%. The particle diameter in the par-
ticle size distribution is measured using a light scattering-type
particle size analyzer.
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Sodium carbonate and chromium oxide react at a molar
ratio of 1:1. Hence, the sodium carbonate and chromium
oxide are each weighed in amounts that become equimolar at
the time of the reaction. By weighing out and reacting one
mole each of sodium carbonate and chromium oxide, two
moles of sodium chromite is produced. Accordingly, the
respective amounts of sodium carbonate and chromium oxide
are set, in terms of molar ratio, to one-half the amount of
sodium chromite to be produced.

Sodium carbonate has a tendency, when stored, to readily
absorb water. If the sodium carbonate is weighed in a state
where it has absorbed water, the actual amount of sodium
carbonate decreases by the mass of the absorbed water.
Hence, even though one mole each of sodium carbonate and
chromium oxide have been weighed, the amount of chro-
mium oxide is excessive relative to the sodium carbonate As
a result, unreacted chromium oxide remains in the product
following calcination. It is thus preferable to dry the sodium
carbonate prior to weighing it.

Hence, as shown in Step S100, prior to being weighed, the
sodium carbonate is heated at 300° C. for a period of 24 hours
under atmospheric pressure (pre-weighing drying treatment).
The heating temperature is set in the range of 300 to 850° C.
The lower limit temperature of 300° C. in pre-weighing dry-
ing treatment is the temperature at which water is driven from
the hydrate of sodium carbonate, forming anhydrous sodium
carbonate. That is, it is difficult to remove water from the
hydrate of sodium carbonate by drying at less than 300° C.
The upper limit temperature of pre-weighing drying treat-
mentis 850° C., which is a temperature lower than the melting
point of sodium carbonate. Sodium carbonate melts at 851°
C., and so it is necessary to carry out a pre-weighing drying
treatment at a temperature lower than this melting point. The
temperature of pre-weighing drying treatment is preferably
from 300 to 400° C.

Next, as shown in Step S200, sodium carbonate and chro-
mium oxide are weighed in a molar ratio of 1:1. The sodium
carbonate and chromium oxide are then mixed, forming a
mixture. In addition, as shown in Step S300, the mixture is
charged into a heat-resistant vessel and compacted under a
pressure of from 0.8 to 1.0 t/cm?, and preferably 1.0 t/cm?®
(pressing treatment). This pressing treatment brings the
sodium carbonate and chromium oxide together into close
contact, facilitating reaction of the melted sodium carbonate
and chromium oxide.

Next, as shown in Step S400, the mixture that has been
charged into the heat-resistant vessel is loaded into an oven.
The mixture of sodium carbonate and chromium oxide is then
heated, under an argon atmosphere, at a temperature which is
lower than the calcination starting temperature and is a non-
reactive temperature (primary heating treatment (heating
treatment)). The calcination starting temperature is the tem-
perature at which the reaction of sodium carbonate with chro-
mium oxide begins.

The non-reactive temperature is from 300 to 400° C. The
lower-limit temperature of 300° C. for primary heating treat-
ment is the temperature at which water can be removed from
the hydrate of sodium carbonate. The upper limit temperature
ot 400° C. for primary heating treatment is the upper limit
temperature at which water and chromium oxide do not react
and is also the upper limit temperature at which water, chro-
mium oxide and sodium carbonate do not react. That is, at
400° C. or higher, either sodium carbonate, chromium oxide
and water react, or chromium oxide and water react, forming
a hexavalent chromium compound (e.g., Na,CrO,) and
CrOOH.
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Primary heating treatment is carried out in order to remove
water that was not removed in pre-weighing drying treatment
and water absorbed by the sodium carbonate or chromium
oxide following pre-weighing drying treatment. Specifically,
in primary heating treatment, the mixture is heated at 300° C.,
as a result of which the water content required in this step, i.e.,
a water content of 1,000 ppm or less, is attained. The water
content in this step is a value measured by the Karl Fischer
method.

After primary heating treatment, the oven temperature is
further increased. Then, a mixture of sodium carbonate and
chromium oxide is heated at the calcination temperature (sec-
ondary heating treatment). Specifically, secondary heating
treatment is carried out at 850° C.

The temperature of secondary heating treatment is set in
the range of 850 to 2,400° C. The lower limit temperature of
850° C. for secondary heating treatment is the lower limit
temperature at which sodium carbonate and chromium oxide
stably undergo a calcination reaction. The upper limit tem-
perature of 2,400° C. for secondary heating treatment is a
value lower than the melting point of chromium oxide. The
temperature of secondary heating treatment is preferably set
to from 850 to 900° C. If the oven temperature is set to at least
900° C., the sodium carbonate melts and flows. Hence, before
it has a chance to react with the chromium oxide, the sodium
carbonate will run, resulting in separation of the chromium
oxide and the sodium carbonate. When this happens, the
amounts of unreacted chromium oxide and unreacted sodium
carbonate increase, resulting in a decline in the yield of
sodium chromite.

At the completion of secondary heating treatment, the
product formed by the reaction of chromium oxide with
sodium carbonate is a solid. Hence, after being taken out of
the heat-resistant vessel, the product is ground up into a
powder using a grinding mill. The product is typically ground
to a given particle diameter according to the intended use. For
example, when itis to be used in secondary battery electrodes,
the product is ground to a particle size of from 0.1 to several
tens of microns.

Next, changes in yield due to differences in the sodium
chromite production conditions are described by comparing
examples of the invention with comparative examples while
referring to FIGS. 2 to 6. In FIG. 2, the bullet symbol (o)
signifies that the operation in the column where the bullet
symbol appears was carried out under the indicated condi-
tions. For example, the bullet symbol shown for Example 2 in
the “Compacting” column signifies that compacting at 1.0
t/cm® was carried out. The bullet symbol shown in the wash-
ing column signifies that washing was carried out. The indi-
cation “A—=B” under temperature conditions for calcination
means that, after 3 hours of heating at 300° C., the oven
temperature was raised and 5 hours of heating at 850° C. was
carried out. The indication “B” under temperature conditions
for calcination means that 5 hours of heating at 850° C. was
carried out.

FIG. 2 gives details on the production conditions for each
example and also details on the product compositions. In the
examples, the components were analyzed from a spectrum
obtained with an x-ray diffractometer and, based on the ratios
of integrated values from the spectrum corresponding to the
respective components, each of the product compositions
shown in FIG. 2 was determined. The unit “%” in the com-
positions stands for mol %, and is indicated below as simply
“%.” Only items illustrating characteristics of the invention
are shown in the production conditions for each example.
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Example 1

Example 1 shows the production conditions in the above-
described sodium chromite production method.
(Production Conditions)

Prior to weighing, 24 hours of heating at 300° C. was

carried out under atmospheric pressure.

After primary heating treatment, secondary heating treat-
ment was carried out.

The water contents of the starting materials after primary
heating treatment and before secondary heating treat-
ment were measured and found to be 1,000 ppm or less.

(Results)

Refer to the x-ray diffraction spectrum in FIG. 3.

The proportion (yield) of sodium chromite was at least
99.9%.

The proportion of chromium oxide was not more than
0.05%.

The proportion of sodium carbonate was not more than
0.05%.

(Evaluation)

As shown in FIG. 3, the x-ray diffraction spectrum of the
product obtained under the production conditions in Example
1 was in substantial agreement with the x-ray diffraction
spectrum for sodium chromite. Almost no other peaks were
present. Hence, there was substantially no formation of by-
product.

This is because, prior to being weighed, the sodium car-
bonate was dried over a sufficient length of time, enabling the
sodium carbonate to be accurately weighed. Hence, neither
the sodium carbonate nor the chromium oxide was present in
excess, and so, following calcination, the product contained
substantially no unreacted sodium carbonate or chromium
oxide. In addition, because the mixture was dried by primary
heating treatment, thus removing water prior to calcination
due to secondary heating treatment, by-products which form
owing to the presence of water were substantially absent in
the product obtained by calcination.

Example 2

In Example 2, the pre-weighing drying time was shorter
than in Example 1. By shortening the drying time, it is pre-
sumed that water remains in the sodium carbonate. If water is
present in the sodium carbonate, even when the sodium car-
bonate is precisely weighed, the actual amount of sodium
carbonate will be smaller than the amount that has in fact been
weighed. With this in mind, in Example 2, sodium carbonate
was weighed in an amount larger than the number of moles of
chromium oxide.

The amount of water present in the sodium carbonate,
expressed as a molar ratio, is thought to be less than 5%.
However, the amount of sodium carbonate was set to 5%
more than when no water is present in the sodium carbonate,
and thus set to an excess relative to the chromium oxide,
thereby ensuring that unreacted chromium oxide does not
remain following calcination. On the other hand, following
calcination, sodium carbonate remains. The remaining
sodium carbonate is thus washed away with ethanol. Sodium
carbonate is soluble in, for example, water or alcohol. Hence,
the sodium carbonate is easily removed by washing with
water or ethanol. However, chromium oxide is not readily
soluble in water, alcohol or the like, and so chromium oxide
cannot be easily removed by washing with water or ethanol.
(Production Conditions)

Prior to weighing, 5 hours of heating at 300° C. was carried

out under atmospheric pressure.
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8

The mixing ratio of sodium carbonate and chromium
oxide, expressed as a molar ratio, was set to 1.05:1.00.

After primary heating treatment, secondary heating treat-
ment was carried out.

After secondary heating treatment, the product was ground
up and then washed with ethanol.

The water contents of the starting materials after primary
heating treatment and before secondary heating treat-
ment were measured and found to be 1,000 ppm or less.

(Results)

Refer to the x-ray diffraction spectrum in FIG. 4.

The proportion (yield) of sodium chromite was at least
99.9%.

The proportion of chromium oxide was not more than
0.05%.

(Evaluation)

As shown in FIG. 4, the x-ray diffraction spectrum of the
product obtained under the production conditions in Example
2 was in substantial agreement with the x-ray diffraction
spectrum for sodium chromite. Almost no other peaks were
present. Hence, there was substantially no formation of by-
product.

When the length of drying carried out prior to weighing out
the sodium carbonate is shortened, drying of the sodium
carbonate may become inadequate and make it impossible to
accurately weigh out the sodium carbonate. In such a case, the
amount of sodium carbonate relative to chromium oxide is
insufficient and may lead to the residual presence of unre-
acted chromium oxide, as a result of which the sodium
chromite yield will presumably decrease. To address this, in
Example 2, sodium carbonate was weighed in an amount that
exceeded the amount of chromium oxide so that no chromium
oxide would remain after calcination and, following calcina-
tion, the unreacted sodium carbonate was removed by ethanol
washing. As a result, it was possible to achieve substantially
the same yield of sodium chromite as in Example 1.

Example 3

In Example 3, prior to weighing, the sodium carbonate was
dried by heating with a heater under reduced pressure.
(Production Conditions)

Prior to weighing, 5 hours of heating at 150° C. was carried

out under reduced pressure (500 to 1,000 Pa).

After primary heating treatment, secondary heating treat-
ment was carried out.

The water contents of the starting materials after primary
heating treatment and before secondary heating treat-
ment were measured and found to be 1,000 ppm or less.

(Results)

The proportion (yield) of sodium chromite was at least
99.9%.

The proportion of chromium oxide was not more than
0.05%.

The proportion of sodium carbonate was not more than
0.05%.

(Evaluation)

In Example 1, 24 hours of heating at 300° C. was carried
out under atmospheric pressure. By contrast, in Example 3,
the sodium carbonate was heated at 150° C. for 5 hours under
reduced pressure. The other production conditions were the
same as in Example 1. On comparing the results, the propor-
tion of sodium chromite was found to be substantially the
same in both Examples 1 and 3. That is, results similar to
those in Example 1 were obtained even when the sodium
carbonate was dried by heating under reduced pressure.
Because water evaporates more easily under reduced pres-
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sure, the sodium carbonate can be dried in a shorter time than
when it is dried under atmospheric pressure.

Example 4

In Example 4, pre-weighing drying treatment was omitted
to simplify the production process.
(Production Conditions)

Pre-weighing drying treatment was not carried out.

After primary heating treatment, secondary heating treat-

ment was carried out.

The water contents of the starting materials after primary
heating treatment and before secondary heating treat-
ment were measured and found to be 1,000 ppm or less.

(Results)

The proportion (yield) of sodium chromite was 95%.

The proportion of chromium oxide was 5%.
(Evaluation)

Compared with Example 1 in which pre-weighing drying
treatment was carried out, there was a decrease in the propor-
tion of sodium chromite obtained. Also, the product con-
tained 5% of chromium oxide, but contained no sodium car-
bonate. From this, it is assumed that there was a surplus
amount of chromium oxide relative to the amount of sodium
carbonate. The reason is thought to be that, because pre-
weighing drying treatment was not carried out, the sodium
carbonate could not be accurately weighed.

Compared with the subsequently described Comparative
Example 1, which illustrates a production method in which
primary heating treatment was not carried out prior to sec-
ondary heating treatment, by-products such as sodium chro-
mate and CrOOH were not observed. This is likely because
water present within the mixture was removed by carrying out
primary heating treatment, which is a treatment for removing
water, prior to secondary heating treatment.

Example 5

In Example 5, as in Example 4, pre-weighing drying treat-
ment was omitted. In such a case, sodium carbonate contains
water and so may be impossible to weigh out accurately.
Because the amount of sodium carbonate with respect to the
chromium oxide is insufficient, some unreacted chromium
oxide may remain. As a result, it is conceivable that the yield
of'sodium chromite will decrease. Taking this into account, in
Example 5, sodium carbonate was weighed in an amount
greater than the number of moles of chromium oxide.
(Production Conditions)

Pre-weighing drying treatment was not carried out.

The mixing ratio of sodium carbonate to chromium oxide,

expressed as a molar ratio, was 1.05:1.00.

After primary heating treatment, secondary heating treat-
ment was carried out.

The water contents of the starting materials after primary
heating treatment and before secondary heating treat-
ment were measured and found to be 1,000 ppm or less.

(Results)

The proportion (yield) of sodium chromite was 96%.

The proportion of chromium oxide was 1%.

The proportion of sodium carbonate was 3%.
(Evaluation)

The proportion of chromium oxide within the product fol-
lowing calcination was smaller than in Example 4. This indi-
cates that the ratio of the actual amount of sodium carbonate
to the actual amount of chromium oxide during weighing out
of the starting materials was closer to 1:1 than in Example 4.
This is explained below.

10

15

20

25

30

35

40

45

50

55

60

65

10

In Example 4, because sodium carbonate was weighed
without carrying out pre-weighing drying treatment, it is
assumed that there was a surplus amount of chromium oxide
relative to the actual amount of sodium carbonate. By con-
trast, in Example 5, from the beginning, the amount of sodium
carbonate was made larger than the amount of chromium
oxide. That is, the degree by which the amount of chromium
oxide exceeds the amount of sodium carbonate was reduced,
resulting in the presence of less unreacted chromium oxide
following calcination.

Comparative Example 1

In Comparative Example 1, of the production steps in
Example 1, pre-weighing drying treatment and primary heat-
ing treatment were omitted.

(Production Conditions)

Pre-weighing drying treatment was not carried out.

Secondary heating treatment was carried out without first
carrying out primary heating treatment.

The water contents of the starting materials after primary
heating treatment and before secondary heating treat-
ment were measured and found to be from 1 to 2%.

(Results)

Refer to the x-ray diffraction spectrum in FIG. 5.

The proportion (yield) of sodium chromite was 85%.

The proportion of sodium chromate (Na,CrO,) was 10%.

The proportion of CrOOH was 5%.

(Evaluation)

As shown in FIG. 5, in addition to the peaks of the x-ray
diffraction spectrum for sodium chromite, the x-ray diffrac-
tion spectrum of the product obtained under the conditions of
Comparative Example 1 included also a number of other
peaks. The other peaks were identified as belonging to
sodium chromate and CrOOH.

Also, in Comparative Example 1, the yield (proportion) of
sodium chromite was low compared with Examples 1 to 5 in
which primary heating treatment was carried out. The cal-
cined product contained 10% of sodium chromate and 5% of
CrOOH. Sodium chromate forms from the reaction of sodium
carbonate with chromium oxide and water at temperatures
400° C. or higher. Accordingly, water is thought to have been
present in the mixture when secondary heating treatment was
carried out. Hence, when primary heating treatment is not
carried out, by-products form, lowering the yield of sodium
chromite.

Comparative Example 2

In Examples 1 to 5 and Comparative Example 1, secondary
heating treatment was carried out in an argon atmosphere. In
Comparative Example 2, secondary heating treatment was
carried out in the open air. The other conditions were the same
as in Comparative Example 1.

(Production Conditions)

Pre-weighing drying treatment was not carried out.

Secondary heating treatment was carried out without car-
rying out primary heating treatment.

Secondary heating treatment was carried out under atmo-
spheric pressure.

The water contents of the starting materials after primary
heating treatment and before secondary heating treat-
ment were measured and found to be from 1 to 2%.

(Results)
Refer to the x-ray diffraction spectrum in FIG. 6.
The proportion of sodium chromite was 0%.
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The proportion of sodium chromate (including the tetrahy-
drate) was 69%.

The proportion of chromium oxide was 31%.
(Evaluation)

As shown in FIG. 6, based on the x-ray diffraction spec-
trum for the product obtained under the conditions of Com-
parative Example 2, the product contained sodium chromate,
sodium chromate tetrahydrate and chromium oxide. Peaks
corresponding to the x-ray diffraction spectrum for sodium
chromite were not present.

When calcination is carried out in the open air, chromium
oxidation reactions become the main reactions. As a result,
sodium chromite does not form; instead, sodium chromate
primarily forms. Therefore, if secondary heating treatment is
not carried out in an inert gas atmosphere, sodium chromite
does not form.

Comparative Example 3

In Examples 1 to 5 and Comparative Examples 1 and 2, the
mixture was compacted under the application of a pressure of
1 t/cm?. Such compacting was omitted in Example 3. The
other conditions were the same as in Example 1.
(Production Conditions)

Compacting was not carried out.

Prior to weighing, 24 hours of heating at 300° C. was

carried out under atmospheric pressure.

Following primary heating treatment, secondary heating

treatment was carried out.
(Results)

The proportion of sodium chromite was 20%.

The proportion of sodium carbonate was 40%.

The proportion of chromium oxide was 40%.
(Evaluation)

When the mixture is calcined without carrying out com-
pacting, the molten sodium carbonate runs, which leads to
separation of the sodium carbonate and the chromium oxide.
As a result, most of the sodium carbonate and the chromium
oxide do not react and remain in an unreacted state.

The following effects can be achieved with the above
embodiments of the invention.

(1) The water content of a mixture of chromium oxide
powder and sodium carbonate powder was set to 1,000 ppm
or less, and the mixture was heated at a calcination tempera-
ture where the chromium oxide and the sodium carbonate
undergo a calcination reaction. Using this method, because
substantially no water is present within the mixture, the reac-
tion of chromium oxide, sodium carbonate and water can be
suppressed under the conditions of a calcination reaction
between the chromium oxide and the sodium carbonate.
Hence, by-product formation can be suppressed.

(2) A chromium oxide powder and a sodium carbonate
powder were mixed, and the mixture of chromium oxide
powder and sodium carbonate powder was compacted. The
compacted mixture was then heated at a non-reactive tem-
perature in an argon atmosphere. After heating at a non-
reactive temperature, the mixture of sodium carbonate and
chromium oxide was heated at a calcination temperature
where sodium carbonate and chromium oxide undergo a cal-
cination reaction.

Under this arrangement, the mixture is heated at a non-
reactive temperature so as to drive off water, after which the
mixture is heated at the calcination temperature. In the result-
ing state where the presence of water is not allowed in the
mixture, the chromium oxide and sodium carbonate undergo
a calcination reaction. Because the reaction of water and
chromium oxide or the reaction of water, chromium oxide and
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sodium carbonate is thus suppressed, it is possible to suppress
the formation of by-products due to these reactions, enabling
the yield of sodium chromite to be increased.

(3) Sodium carbonate has a tendency to readily absorb
water. Hence, even when furnished as anhydrous sodium
carbonate, by the time of use, the sodium carbonate has
absorbed water from the air. Therefore, when sodium carbon-
ate is weighed in the amount required for synthesis without
first being dried, the actual amount of sodium carbonate is
smaller than the required amount. The result is a surplus
amount of chromium oxide with respect to the amount of
sodium carbonate, with unreacted chromium oxide remain-
ing in the product following calcination.

To address this problem, according to the invention, the
sodium carbonate is dried prior to mixing of the sodium
carbonate powder and the chromium oxide powder, thus
enabling the amount of sodium carbonate to be accurately
weighed. As a result, the amount of unreacted chromium
oxide can be suppressed, making it possible to increase the
yield of sodium chromite.

(4) Sodium carbonate forms a hydrate. To remove water
from the hydrate of sodium carbonate, the hydrate must be
heated at a temperature of at least 300° C. under atmospheric
pressure. On the other hand, sodium carbonate melts at 851°
C. Taking these facts into account, it is advantageous to dry
the sodium carbonate powder under atmospheric pressure at a
temperature of from 300 to 850° C., and preferably from 300
to 400° C. In this way, water present within the sodium
carbonate can be removed.

(5) It is also possible to dry the sodium carbonate powder
under reduced pressure at a temperature of from 50 to 300° C.
Doing so enables the sodium carbonate powder to be dried in
a shorter time than if dried under atmospheric pressure.

(6) Sodium carbonate absorbs water more readily than
chromium oxide. Hence, even if the sodium carbonate is
accurately weighed, the actual amount of sodium carbonate
may be smaller than the required amount. In such a case, there
is a surplus amount of chromium oxide with respect to the
amount of sodium carbonate. As a result, when the sodium
carbonate and the chromium oxide are mixed and calcined,
unreacted chromium oxide remains within the product.
Because chromium oxide does not dissolve in solvents such
as water, it is difficult to remove from the product.

To overcome this problem, the invention makes the amount
of sodium carbonate larger than the amount of chromium
oxide. The mixing ratio of sodium carbonate to chromium
oxide is set at the time of weighing to a molar ratio of at least
1. In this way, compared with a case in which the amount of
sodium carbonate is not larger than the amount of chromium
oxide, the residual amount of chromium oxide in the product
obtained becomes smaller and the proportion of sodium
chromite within the product can be increased.

(7) After heating the mixture at the calcination tempera-
ture, the resulting product is washed with ethanol. This
enables impurities remaining in the product, such as unre-
acted sodium carbonate, to be removed. In this way, the yield
of sodium chromite can be increased.

(8) The water in a hydrate of sodium carbonate can be
removed by heating to at least 300° C. Moreover, at a tem-
perature of from 300 to 400° C., neither the reaction of water,
chromium oxide and sodium carbonate nor the reaction of
water and chromium oxide arises. Hence, according to this
invention, by heating to a temperature of from 300 to 400° C.
in the primary heating treatment, the water present in sodium
carbonate and the water in sodium carbonate hydrates can be
removed. This makes it possible to more reliably suppress the
reaction of water and chromium oxide and the reaction of
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water, chromium oxide and sodium carbonate. As a result, the
formation of by-products can be suppressed.

(9) Sodium carbonate and sodium chromite can be calcined
in the temperature range of 850 to 2,400° C. However, at
above 900° C., molten sodium carbonate has a tendency to
flow. If, in such cases, sodium carbonate runs before reacting
with chromium oxide and separates from the chromium
oxide, it cannot take part in the calcination reaction with
chromium oxide. As a result, the yield of sodium chromite
decreases. Hence, in secondary heating treatment according
to this invention, by carrying out a calcination reaction in the
range of 850 to 2,400° C., and preferably in the range of 850
to 900° C., sodium carbonate can be kept from flowing and
separating from the chromium oxide. This enables a decrease
in the yield of sodium chromite to be suppressed.

(10) When a mixture of sodium carbonate and chromium
oxide is calcined, the sodium carbonate may end up melting,
running from the mixture and separating from the chromium
oxide. To resolve this problem, in the invention, the mixture
of sodium carbonate powder and chromium oxide powder is
compacted under a pressure of at least 1 t/cm?, as a result of
which the sodium carbonate powder and the chromium oxide
powder come into closer contact within the mixture. The
molten sodium carbonate is thus able to react with the chro-
mium oxide before it becomes a liquid and runs. Because the
melting of sodium carbonate and its separation from the chro-
mium oxide can be suppressed in this way, it is possible to
hold down the decline in the yield of sodium chromite.

The following modifications may be made to the embodi-
ments described above.

In the primary heating treatment in Examples 1 to 5, the
temperature was held at 300° C. for 3 hours, but the
temperature may be gradually raised from 300 to 400° C.
In this way, when secondary heating treatment is begun,
the temperature may be raised to the calcination tem-
perature of 850° C. in a short time.

In Examples 1 to 5, the mixture was compacted under a
pressure of 1 t/cm?, but the pressure applied to the mix-
ture may be set to any value within the range 0f 0.8 t0 5.0
t/cm?. If at least 5 t/cm? of pressure is applied, grinding
after calcination becomes difficult. If less than 0.8 t/cm”
of'pressure is applied, when the sodium carbonate melts,
it becomes a liquid and may separate from the chromium
oxide.

In Examples 1 to 5, the sodium carbonate and the chro-
mium oxide were subjected to a calcination reaction in
an argon atmosphere. However, provided the reaction is
carried out in an inert atmosphere, another inert gas such
as nitrogen may be used instead of argon.

In Example 2, the product following calcination was
washed with ethanol. However, provided the sodium
carbonate can be dissolved, another polar solvent such
as acetonitrile may be used instead of an alcohol-type
solvent.

When water is used as the washing fluid, an exchange
reaction between the sodium in sodium chromite and protons
takes place. As a result, properties such as the discharge
capacity when sodium chromite is used as a positive electrode
active material decrease. Hence, it is preferable to use a sol-
vent having a lower proton donating ability than water as the
washing fluid.

20

25

30

35

40

45

50

55

60

14

In drying of the sodium carbonate prior to weighing in
Example 3, heating at 150° C. was carried out for 5 hours
under a reduced pressure (500 to 1,000 Pa). The drying
temperature in this case was preferably in the range of 50
to 300° C., and more preferably from 100 to 200° C.

The invention claimed is:

1. A method for producing sodium chromite, the method
comprising steps of:

adjusting a water content of a mixture of a chromium oxide

powder and a sodium carbonate powder to 1,000 ppm or
less; and

heating the mixture in an inert gas atmosphere at a calci-

nation temperature where the sodium carbonate and the
chromium oxide undergo a calcination reaction to pro-
duce the sodium chromite.

2. The sodium chromite production method according to
claim 1,

wherein the adjusting step includes heat treatment in which

a water content within the mixture is adjusted to 1,000
ppm or less by heating the mixture in the inert gas
atmosphere and at a non-reactive temperature where at
least one reaction from among a reaction of water, chro-
mium oxide and sodium carbonate and a reaction of
water and chromium oxide does not arise, and

wherein the heating step includes heating the mixture in the

inert gas atmosphere and at the calcination temperature,
following the heat treatment of the adjusting step.

3. The sodium chromite production method according to
claim 2, wherein the non-reactive temperature is in the range
01300 to 400° C.

4. The sodium chromite production method according to
claim 1, wherein the sodium carbonate is dried prior to mix-
ing together the sodium carbonate powder and the chromium
oxide powder.

5. The sodium chromite production method according to
claim 4, wherein the sodium carbonate powder is dried under
reduced pressure and at a temperature of from 50 to 300° C.

6. The sodium chromite production method according to
claim 4, wherein the sodium carbonate powder is dried under
atmospheric pressure and at a temperature of from 300 to
850° C.

7. The sodium chromite production method according to
claim 1, wherein a ratio of the sodium carbonate to the chro-
mium oxide, expressed as the molar ratio during weighing, is
at least 1.

8. The sodium chromite production method according to
claim 1, the method further comprising the step of:

washing a product obtained by heating the mixture at the

calcination temperature with a polar solvent.

9. The sodium chromite production method according to
claim 8, wherein the polar solvent is an alcohol.

10. The sodium chromite production method according to
claim 1, wherein the calcination temperature is in the range of
850 to 900° C.

11. The sodium chromite production method according to
claim 1, wherein the mixture is compacted under a pressure of
at least 1 t/cm? prior to heating the mixture at the calcination
temperature.



